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(54) Air flow meter with reduced error due to backf low 



(57) The invention relates to an air flow meter which 
can decrease the error due to the backflow. Throttle 
valve (1 7) which opens and shuts the air Intake passage 
(19) is installed in the air intake passage (19) of the in- 
ternal combustion engine (1 ). The first sensor part (1 61 ) 
is installed in the air intake passage (1 9) in the upstream 
of throttle valve (17). Further, the second sensor part 



(141) is installed-in the air intake passage (19) in the 
downstream of throttle valve (1 7). Pulsation compensat- 
ing means (671 ) corrects the pulsation of the air f lowrate 
signal detected by the first sensor part (1 61 ) by using 
the output signals of the first and the second sensor 
parts (161 , 141) based on each cylinder of the internal 
combustion engine (1). 
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Description 

BACKGROUNTD OF THE INVENTION 

[0001 ] The present invention relates to an air flow me- 
ter for measuring an air flow rate, and specifically to an 
air flow meter so configured as to be integrated with a 
throttle for controlling an air-intake of the internal com- 
bustion engine. 

[0002] Conventionally, as for the air flow meter for 
measuring the air-intake of the internal combustion en- 
gine such as automotive engine, thermal type air flow 
meters are commonly used because they can detects 
mass-flow rate directly. The heating resistance used 
here includes a platinum wire winded around a bobbin 
and coated with glass and a thin-film resistance formed 
on the ceramic substrate or a silicon substrate. As for 
the method for measuring the flow rate, there are sev- 
eral well known methods including a method in which 
the current supplied in the heating resistance for heating 
the heating resistance at a constant temperature is 
measured directly and a method in which temperature 
detecting resistances are placed at upstream side and 
downstream side of the heating resistance and a tem- 
perature difference between those temperature detect- 
ing resistances is measured. 

[0003] As for the method for controlling the inlet air 
flow, a method for opening and closing an air intake pas- 
sage by using a throttle valve. Specifically, electronic 
control throttle systems for controlling electrically the 
throttle valve by using a motor are generally used due 
to its excellent control performance. 
[0004] There is such a problem that the control accu- 
racy is reduced in case of applying a conventional heat- 
ing-resistance type airflow meter to four or less cylinder 
automotive engines and for the lower engine speed op- 
eration or the overloaded operation in which the pulsa- 
tion in the intake airflow arises and its amplitude is large 
and counter flow is formed partially. In order to solve this 
problem, there is such a solution that plural heating-re- 
sistance type airflow meters are placed at the upstream 
side of the throttle and the counter flow is detected by 
measuring the phase signal s from those airflow meters, 
and the control error may be reduced resultantly as dis- 
closed, for example, in Japanese Patent Publication No. 
2855401. In addition, there is another solution, as dis- 
closed in Japanese Patent Application Laid-Open 
Number 6-288291 (1994) and Japanese Patent Appli- 
cation Laid-Open No. 8-21 8934 (1 996) in which the con- 
trol error including the pulsation effect in the air flow rate 
measured by the heat- resistance type air flow meter 
placed at the upstream of the throttle is compensated 
by referring to the output from the pressure sensor 
placed at the downstream of the throttle, and the control 
error may be reduced resultantly. 
[0005] In attempting to integrating the throttle appa- 
ratus and the air flow meter, there arises another prob- 
lem in which the measurement error for the air flow rate 
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increases due to the changes in the throttle valve open- 
ing. In order to solve this problem, there is such a known 
solution as disclosed, for example, in Japanese Patent 
Application Laid-Open No. 9-53482 (1997) in which the 
5 measurement error may be reduced by optimizing the 
configuration and layout of the air flow meter in relative 
to the throttle valve. 

[0006] However, there is a first problem that the error 
due to the backflow is not decreased sufficiently be- 
io cause the error due to the backflow increases in the in- 
ternal combustion engine using variable valve mecha- 
nism, in the methods described in Japanese Patent No. 
2855401. Japanese Patent Application Laid-Open No. 
6-288291 and Japanese Patent Application Laid-Open 
15 No. 8-218934. 

[0007] Further, there is a second problem that the 
measurement error to the change of opening of the 
throttle valve is not decreased sufficiently in the meth- 
ods described in Japanese Patent Application Laid- 
20 Open No.9-53482. 

[0008] Further, there is a second problem that the op- 
erational state of the throttle device has not been diag- 
nosed when the electronically controlled throttle is used 
in the conventional air flow meter. 
25 [0009] Further, there is a fourth problem that when 
there are a lot of engine cylinders in the conventional air 
flow meter, it is not possible to detect directly the mass 
air flow rate and to detect the air flow rate every cylinder. 

30 SUMMARY OF THE INVENTION 

[0010] A first object of the present invention is to pro- 
vide an air flow meter which can decrease the error due 
to the backflow. 
35 [0011] A second object of the present invention is to 
provide an airflow meter which can decrease the meas- 
urement error to the change of opening of the throttle 
valve. 

[001 2] A third object of the present invention is to pro- 
40 vide an air flow meter which can diagnose the opera- 
tional state of the throttle device. 

[0013] A fourth object of the present invention is to 
provide an air flow meter which can detect the air flow 
rate every cylinder. 

45 

(1 ) To achieve the above first object, the present in- 
vention takes the following configuration. 
An air flow meter can comprise 
a throttle valve installed inside an intake pas- 
50 sage of an internal combustion engine and used for 
opening and closing an intake passage; 

a first air flow rate detecting means installed 
in an intake passage located in the upstream of said 
throttle valve; 

55 a second air flow rate detecting means in- 

stalled in an intake passage located at the down- 
stream of said throttle valve; and/or 

a pulsation compensating meansforcompen- 
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sating a pulsation in an air flow rate signal of said 
first air flow rate detecting means based on output 
signals from said first and second air flow rate de- 
tecting means corresponding individual cylinders of 
said internal combustion engine. s 

The error due to the backflow can be de- 
creased by this configuration. 

(2) Preferably, in above-mentioned (1), said pulsa- 
tion compensating means can determine a re- 
sponse compensatory signal Qfd by compensating io 
a response delay of airflow rate signal Qf detected 

by said first airflow rate detecting means; 

can determine a deviation signal dQfdb by 
subtracting an air flow rate signal Qd detected by 
said second air flow rate detecting means from said 15 
response compensatory signal Qfd; and/or 

can determine an air flow rate signal Qref 
compensated for pulsation effect by subtracting 
said deviation signal dQfdb from an airflow rate sig- 
nal Qf detected by said first air flow rate detecting 20 
means. 

(3) To achieve the second object, preferably in the 
above-mentioned (1 ), the air flow meter can further 
comprise; 

a throttle valve opening compensating means 25 
for compensating a deviated flow changing due to 
throttle valve opening, wherein 

a deviated flow changing due to throttle open- 
ing in an air flow rate signal compensated by said 
pulsation compensating means can be corrected 30 
based on a compensation value for deviated flow 
due to throttle opening obtained by said throttle 
opening compensating means. 

The measurement error to the opening 
change of the throttle valve can be decreased by 35 
this configuration. 

(4) Preferably, in the above-mentioned (1) , at least 
one or more of said first and second air flowrate de- 
tecting means for a throttle valve can be integrated 
with a body of said throttle valve. 40 

(5) Preferably, in the above-mentioned (1 ), said first 
and second airflow rate detecting means for a throt- 
tle valve can be airflow rate detecting means using 
a heating resistance, and/or 

at least one or more can be sensors enable 45 
to detect a counter flow. 

(6) Preferably, in the above-mentioned (1),eitherof 
said plural first and second air flow rate detecting 
means for a throttle valve can be detachable to said 
throttle body, which is installed at manufacturing 50 
process and used for adjusting a characteristic. 

(7) To achieve the third above-mentioned object, 
the present invention takes the following configura- 
tion: An air flow meter can comprise 

a throttle valve installed inside an intake pas- ss 
sage of an internal combustion engine and used for 
opening and closing an intake passage; 

a first airflow rate detecting means installed 



in an intake passage located in the upstream of said 
throttle valve; 

a second air flow rate detecting means in- 
stalled in an intake passage located at the down- 
stream of said throttle valve; and/or 

a calculating means for estimating an air flow 
rate corresponding to a single cylinder based on an 
difference between output signals from said first 
and second air flow rate detecting means. 

(8) Preferably, in the above-mentioned (7), said 
throttle diagnostic processing means detects an ab- 
normal throttle state if a time duration while a devi- 
ation signal dQfdb between an air flow rate signal 
Qf detected by said first air flow rate detecting 
means and an air flow rate signal Qd detected by 
said second airflow rate detecting means continues 
to deviate outside levels sH and sL is judged to be 
larger than a designated value. 

(9) Preferably, in the above-mentioned (7) , at least 
one or more of said first and second air flowrate de- 
tecting means for a throttle valve can be integrated 
with a body of said throttle valve. 

(10) To achieve the fourth above-mentioned object, 
the present invention takes the following configura- 
tion. 

An air flow meter can comprise: 

a throttle valve installed inside an intake pas- 
sage of an internal combustion engine and 
used for opening and closing an intake pas- 
sage; 

a first air flow rate detecting means installed in 
an intake passage located in the upstream of 
said throttle valve; 

a second air flow rate detecting means installed 
in an intake passage located at the downstream 
of said throttle valve; and/or 
a calculating means for estimating an air flow 
rate corresponding to a single cylinder based 
on a difference between output signals from 
said first and second air flow rate detecting 
means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] Fig.1 is a system configuration view showing 
the whole configuration of an internal combustion en- 
gine which has the air flow meter according to the first 
embodiment of the present invention. 
[0015] Fig.2 is a system configuration view showing 
the configuration of the air flow meter according to the 
first embodiment of the present invention. 
[0016] Fig.3 is a circuit diagram showing the configu- 
ration of the first air flowmeter according to the first em- 
bodiment of the present invention. 
[0017] Fig.4 is a circuit diagram showing the configu- 
ration of the second air flow meter according to the first 
embodiment of the present invention. 
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[0018] Fig. 5 is a block diagram showing the configu- 
ration of the air flow rate correction means in the throttle- 
integrated air flow meter according to the first embodi- 
ment of the present invention. 

[0019] Fig. 6 is a flow chart showing the operation of 
the pulsation compensating means in the throttle- inte- 
grated air flow meter according to the first embodiment 
of the present invention. 

[0020] Fig. 7 is a waveform view showing the opera- 
tion of the pulsation compensating means in the throttle- 
integrated air flow meter according to the first embodi- 
ment of the present invention. 

[0021] Fig. 8 is an illustration showing the operation of 
the throttle opening compensating means in the throttle- 
integrated air flow meter according to the first embodi- 
ment of the present invention. 

[0022] Fig.9 is an illustration showing the operation of 
the throttle diagnosis processing means in the throttle- 
integrated air flow meter according to the first embodi- 
ment of the present invention. 

[0023] Fig.1 0 is a waveform view showing the opera- 
tion of the throttle diagnosis processing means in the 
throttle-integrated air flow meter according to the first 
embodiment of the present invention. 
[0024] Fig.1 1 is a system configuration view showing 
the whole configuration of an internal combustion en- 
gine which has the air flow meter according to the sec- 
ond embodiment of the present invention. 
[0025] Fig.1 2 is a flowchart showing the operation of 
a control unit in the throttle-integrated air flow meter ac- 
cording to the second embodiment of the present inven- 
tion. 

[0026] Fig.1 3 is a flowchart showing the operation of 
a control unit in the throttle-integrated air flow meter ac- 
cording to the second embodiment of the present inven- 
tion. 

[0027] Fig.1 4 is a system configuration view showing 
the whole configuration of an internal combustion en- 
gine which has the air flow meter according to the third 
embodiment of the present invention. 
[0028] Fig.1 5 is a system configuration view showing 
the whole configuration of an internal combustion en- 
gine which has the air flow meter according to the fourth 
embodiment of the present invention. 
[0029] Fig.1 6 is a system configuration view showing 
the whole configuration of an internal combustion en- 
gine which has the airflow meter according to the fifth 
embodiment of the present invention. 
[0030] Fig.1 7 is a system configuration view showing 
the whole configuration of an internal combustion en- 
gine which has the air flow meter according to the sixth 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0031 ] Hereafter, the configuration and the operation 
of the air flow meter according to the first embodiment 
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of the present invention will be explained by using Fig. 
1 -Fig. 10. 

[0032] First, the whole configuration of the internal 
combustion engine provided with the air flowmeter ac- 
5 cording to this embodiment will be explained by using 
Fig.1 first. 

[0033] Fig.1 is a system configuration view showing 
the whole configuration of an internal combustion en- 
gine which has the air flow meter according to the first 
10 embodiment of the present invention. 

[0034] Engine 1 has a crank chain comprising con'rod 
4 and crank shaft 5. Combustion chamber 3 is formed 
with piston 2 connected to the crank chain and engine 
head 8 of engine 1 . Combustion chamber 3 is sealed up 
15 with intake valve 10 installed in engine head 8, exhaust 
valve 1 1 , and sparking plug 1 2. Intake valve 1 0 and ex- 
haust valve 11 are operated by variable valve mecha- 
nism 40 and 41 . Engine 1 inhales air necessary for com- 
bustion into combustion chamber 3 by the operation of 
throttle valve 17 and the reciprocating motion of piston 
2. The dust and foreign particles included in air inhaled 
into engine 1 are removed in air cleaner 15. The amount 
of intake air used for the calculation of fuel injection 
amount is measured by sensor part 161 ,141 of the air 
flowmeter in throttle-integrated airflow meter 20. Sensor 
part 161 is arranged on the upstream side of throttle 
valve 1 7, and sensor part 1 41 is arranged on the down- 
stream side of throttle valve 17. Because the combus- 
tion chamber 3 and intake port 19 in the downstream of 
throttle valve 17 becomes a negative pressure lower 
than the atmospheric pressure when the opening of 
throttle valve 17 is small, the change of the amount of 
the intake air due to the pressure in the intake pipe is 
always measured and reflected to the control of engine 
1 . Control unit (CU) 60 by which engine 1 is controlled 
detects the operating state of engine 1 based on the sig- 
nals from various sensors, controls the operation of var- 
iable valve mechanism 40, 41 installed in engine 1 , and 
also controls the fuel amount injected from fuel injection 
valve 13 and the fuel injection timing are controlled. 
[0035] The manipulated variable of accelerator pedal 
71 operated by driver 70 for the vehicle where engine 1 
is installed is converted into the electric signal by poten- 
tiometer 72, and input to control unit 60. Additionally in- 
put to control unit 60 as a signal which detects the op- 
erating state, an engine revolution speed from the crank 
angle sensors 6, 7 installed in crank shaft 5 for instance, 
an air flow rate signal from sensor part 161,141 in throt- 
tle-integrated flow meter 20, an air/fuel ratio signal from 
air/fuel ratio sensor installed in exhaust pipe 23, an ex- 
haust gas temperature signal from temperature sensor 
25 which detects the temperature of exhaust catalyst 26 , 
an in-cylinder pressure signal of pressure sensor 21 
which detects the pressure in combustion chamber 3, 
and a knocking signal from knocking sensor 22 by which 
the knocking are detected. Control unit 60 outputs a con- 
trol signal to the signal of the input operating state, con- 
trols motor 18 which actuates throttle valve 17 and var- 
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iable valve mechanism 40 by which intake valve 10 are 
actuated, and adjusts the amount of the air inhaled into 
engine 1 . Control unit 60 outputs a control signal to fuel 
injection valve 13 according to the operating state, and 
adjusts the fuel injection amount and the fuel injection 
timing. 

[0036] Next, the configuration of the air flow meler ac- 
cording to this embodiment will be explained by using 
Fig.2. 

[0037] Fig.2 is a system configuration view showing 
the configuration of the air flow meter according to the 
first embodiment of the present invention . 
[0038] Throttle valve 1 7 is driven by motor 1 8. The first 
sensor part 161 which includes heat resistor 161a is in- 
stalled in the upstream of throttle valve 17. The second 
sensor part 141 which includes heat resistor 141a is in- 
stalled in the downstream of throttle valve 17. The first 
sensor part 1 61 and the second sensor part 1 41 are in- 
tegrated with throttle valve 1 7 and motor 1 8 to form throt- 
tle-integ rated air flow meter 20. 

[0039] control unit 60 is provided with sensor actuator 
driving means (S-Act Drv) 66, air flow rate correction 
means (Q-CMP) 67, and engine control unit (ECU) 65. 
First sensor drive circuit (first-S Drv) 662 by which the 
first sensor part 161 is driven, second sensor drive cir- 
cuit (2st-S Drv) 663 by which the second sensor part 
141 are driven, and throttle drive circuit (TH Drv) 661 
which drives throttle valve 1 7 are provided in sensor ac- 
tuator driving means 66. First sensor drive circuit 662, 
second sensor drive circuit 663, and throttle drive circuit 
661 may be provided in throttle-integrated airflow meter 
2 besides control unit 60. An output Vin1, Vin2 of each 
of sensor drive circuit 662, 663, and an output 0TH of 
throttle drive circuit 661 are input to air flow rate correc- 
tion means 67. Air flow rate correction means 67 cor- 
rects the error of the measured airflow rate, and outputs 
the corrected signal of the air flow rate Qref to engine 
control unit 65. Engine control unit 65 controls the en- 
gine based on the air flow rate Qref output from the air 
flow rate correction means 67, the output 6TH of throttle 
drive circuit 661 , etc. 

[0040] Next, the configuration of the first air flowmeter 
according to this embodiment will be explained by using 
Fig.3. 

[0041] Fig.3 is a circuit diagram showing the configu- 
ration of the first air flowmeter according to the first em- 
bodiment of the present invention. 
[0042] First sensor part 161 includes temperature 
compensating resistor 1 61 b besides heat resistor 1 61 a 
shown in Fig.2. First sensor drive circuit 662 has resis- 
tors R1, R2, error amplifier AM P1 .preamplifier 
P-AMP1 ,and transistorTRI .Heat resistor 1 61 a, temper- 
ature compensating resistor 1 61 b, and resistors R1 and 
R2 compose a bridge circuit. First sensor part 161 and 
first sensor drive circuit 662 compose first air flow meter 
16 described later in Fig.5. 

[0043] Error amplifier AMP1 controls transistor TR1 
so as to balance the bridge circuit, and controls so that 



the temperature of heat resistor 161a can become high- 
er by a constant temperature than that of temperature 
compensating resistor 161b. Here, because the electric 
current which flows to heat resistor 161a changes so 

5 that the bridge circuit can be balanced when the tem- 
perature of the heating resistor 161a deprived of heat 
by intake air A1 changes, and thus the temperature of 
heating resistor 1 61 a is kept to a constant temperature, 
it becomes possible to measure the intake air amount 

10 by using the electric current which flows to heat resistor 
161a. The electric current which flows to heat resistor 
161a is amplified by preamplifier P-AMP1 : and output 
as first sensor output Vin1 . Because temperature com- 
pensating resistor 161b detects the temperature of the 

is intake air, the error due to the temperature of the intake 
air can be corrected. 

[0044] Here, the resistor formed by winding the plati- 
num line around the bobbin and then by coating it with 
the glass, or the thin film resistor body formed on a ce- 

20 ramie substrate or a silicon substrate is used as heat 
resistor 161a, for example. That is, the heat capacity is 
a comparatively large. Therefore, and an excellent re- 
sistor in the detection of the static characteristic is ob- 
tained although unsuitable to the measurement of the 

25 flowdirection and the measurement which needs a high- 
speed response. 

[0045] Next, the configuration of the second air flow 
meter according to this embodiment will be explained 
by using Fig.4. 

30 [0046] Fig.4 is a circuit diagram showing the configu- 
ration of the second air flow meter according to the first 
embodiment of the present invention. 
[0047] Second sensor part 141 includes temperature 
compensating resistor 141b and temperature detection 

35 resistors 141 d, 141e, 141f, 141g besides heat resistor 
141a shown in Fig.2. Second sensor drive circuit 663 
has resistors R1 , R2, error amplifier AMP1 , error ampli- 
fier AMP2, and transistorTRI . Heat resistor 1 41 a, tem- 
perature compensating resistor 141b, and resistors R1 

40 and R2 compose a bridge circuit. Second sensor part 
141 and second sensor drive circuit 664 compose sec- 
ond air flow meter 14 described later in Fig.5. 
[0048] Error amplifier AMP1 controls transistor TR1 
so as to balance the bridge circuit, and controls so that 

45 the temperature of heat resistor 141 a can become high- 
er by a constant temperature than that of temperature 
compensating resistor 141b. Here, the electric current 
which flows to heat resistor 141a changes so that the 
bridge circuit can be balanced when the temperature of 

50 the heating resistor 141 a deprived of heat by intake air 
A2 changes, and thus the temperature of heating resis- 
tor 141a is kept to a constant temperature. Because 
temperature compensating resistor 161b detects the 
temperature of the intake air, the error due to the tem- 

55 perature of the intake air can be corrected. 

[0049] Temperature detection resistors 141d and 
141e are arranged on the upstream side of air stream 
A 2 with respect to heat resistor 141a, and temperature 
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detection resistors 1 41 f and 141 g are arranged on the 
downstream side of air stream A2 with respect to heat 
resistors 141a. Temperature detection resistor 141d, 
1 41 e and temperature detection resistors 1 41 f and 1 41 g 
compose a bridge circuit. When the flow direction of air 
stream A2 is in a direction shown by arrow A2, that is, 
air stream is a forward flow in which air is inhaled from 
an air cleaner to the engine, the temperature of temper- 
ature detection resistors 141 d and 1 41 e becomes lower 
than that of temperature detection resistors 141f and 
141g, and error amplifier AMP2 outputs a positive out- 
put. The absolute value of the output corresponds to the 
flowing air amount. On the other hand, the temperature 
of temperature detection resistors 141f and 141g be- 
come lower than the that of temperature detection re- 
sistors 141d and 141 e when the flow direction of air 
stream A2 is opposite to the direction of arrow A2, that 
is, the air flows backward from the engine to the air 
cleaner, and error amplifier AMP2 outputs a negative 
output. The absolute value of the output corresponds to 
the flowing air amount. When the flow of the intake air 
is a following current, output Vin2 of error amplifier 
AMP2 becomes a positive output, and when flowing 
backward, it becomes a negative output. It is, therefore, 
possible to measure the amount of the intake air which 
includes the pulsation of the intake air. 
[0050] Heat resistor 141a is one that the thin film or 
thick film of the polysilicon resistance body, and plati- 
num or tungsten as a heating unit are formed on the 
base such as the flat glass, the ceramic, and silicon for 
instance. Therefore, heat resistor 141a has small heat 
capacity, and improved response. Further, the detection 
of the two way flow which includes the backflow be- 
comes possible by using temperature detection resis- 
tors 141d, 141e, 141f, and 141g. This method may 
cause the error easily in the static characteristic due to 
the pulsationjnfluence if high-speed sampling etc. are 
not carried out when the air flow rate is leveled while the 
change of the flow can be detected easily. 
[0051] First air flow meter 1 6 which is effective in the 
detection of the static characteristic is arranged on the 
upstream side of throttle valve 17, and second air flow 
meter 14 effective in the transition characteristic which 
can detect the backflow is arranged on the downstream 
side in this embodiment as explained above. According- 
ly, the measuring accuracy can be improved overall by 
using effectively two kinds of different air flow meters. 
[0052] Next, the configuration of the airflow rate cor- 
rection means in the throttle-integrated air flow meter 
according to this embodiment will be explained by using 
Fig.5. 

[0053] Fig.5 is a block diagram showing the configu- 
ration of the airflow rate correction means in the throttle- 
integrated air flow meter according to the first embodi- 
ment of the present invention. 

[0054] Air flow rate correction means (Q-CMP) 67 
comprises: pulsation compensating means (P-CMP) 
671 , throttle opening compensating means ( GTH-CMP) 



672, and throttle diagnosis processing means 
(TH-DAG) 673. Airflow rate correction means 67 inputs 
output Vin1 of the first air flow meter 1 6, output Vin2 of 
the second airflow meter 14, throttle opening 6TH out- 

3 put from throttle drive circuit 661 shown in Fig.2, engine 
revolution speed Ne and crank angle 6TH output from 
the crank angle sensors 6, 7 shown in Fig.1 , and cam 
phase <|>c. Air flow rate correction means 67 outputs cor- 
rected air flow rate Qref and diagnosis result TAdag of 

10 the throttle to the engine control unit 65 based on these 
input signals. 

[0055] Next, the operation of pulsation compensating 
means 671 in the throttle-integrated air flowmeter ac- 
cording to this embodiment will be explained by using 
15 Fig.6 and Fig. 7. 

[0056] Fig.6 is a flow chart showing the operation of 
the pulsation compensating means in the throttle-inte- 
grated air flow meter according to the first embodiment 
of the present invention. Fig. 7 is a waveform view show- 
20 ing the operation of the pulsation compensating means 
in the throttle- integrated airflow meter according to the 
first embodiment of the present invention, in Fig. 7 (A)- 
Fig.7 (D), the axis of ordinate designates airflow rate 
Q, and the axis of abscissa time T. 
25 [0057] Pulsation compensating means 671 makes 
compensation the air flow which includes the backflow 
when pulsating, and it is used to measure the air stream 
especially inhaled into each cylinder of the engine ac- 
curately. It is used to reduce the error when the backflow 
30 is generated by the variable valve operation etc. The 
characteristic when pulsing including the backflow can 
be improved in combining two or more sensors with a 
different response. 

[0058] Pulsation compensating means 671 takes out- 
35 put Vin1 of the first air flow meter 1 6 and output Vin2 of 
the second airflow meter 14 in step s10. 
[0059] Next in step s20, pulsation compensating 
means 671 converts output Vin1 of first air flow meter 
16 and Output Vin2 of second airflow meter 14 into air 
40 flow rate Qf and Qb respectively. The conversion from 
output Vin of the airflow meter to airflow rate Q is carried 
out by using the map etc. memorized beforehand for the 
relation between both. 

[0060] Next, pulsation compensating means 671 
45 compensates the response of the signal of air flow rate 
Qf measured by first air flow meter 16 in step s30. 
[0061] Here, actual air flow rate QTR is a pulsation 
flow in which the positive flow rate and the negative flow 
rate alternately appear as shown in Fig. 7 (A). On the 
so other hand, the backflow (negative flow rate) can not be 
detected from air flow rate Qf detected by the first air 
flow meter 16 as shown in Fig. 7(A), and it has the re- 
sponse delay. This is because first air flowmeter 16 is 
unsuitable for the measurement of the flow direction, 
55 have not high speed response, but the delay of the re- 
sponse, although it has comparatively large heat capac- 
ity as mentioned above, and is excellent in the detection 
of the static characteristic. 
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[0062] Then, in step s30, pulsation compensating 
means 671 compensates the response delay of the sig- 
nal of air flow rate Qf measured by first air flow meter 
16, and obtains response compensatory signal Qfd in 
which the response delay is recovered. The compensat- 
ing operation of the response delay is performed for in- 
stance as follows. Assumed that the values obtained by 
sampling airflow rate Qf at fixed interval time are Qf(t1), 
Qf(t2), Qf(t3), ... . Qfd(t1) = (Qf(t1 )-Qf(t2) Xk1+Qf(t1)). 
Here, k1 is an arbitrary constant. The compensating op- 
eration of the response delay may be carried out by us- 
ing another method. 

[0063] Response compensatory signal Qfd is a signal 
that the backflow part (negative part) of actual flow rate 
QTR becomes positive as shown in Fig. 7(A). 
[0064] Next, pulsation compensating means 671 cal- 
culates the deviation in step s40. The level of the follow- 
ing current and the backflow is influenced by the flow 
rate dependency etc. of the sensor, and mean value 
shifts somewhat, although output Qb of the second air 
flow meter 14 keeps the phase relation of the backflow 
to actual flow rate good as shown in Fig.7 (B). Especial- 
ly, in the downstream of the throttle, the waveform 
changes easily due to the backflow. 
[0065] In the deviation operation in step s40, differ- 
ence (Qfd-Qb) between output Qb of the second airflow 
meter 14 and response compensatory signal Qfd ob- 
tained in step s30 is calculated to obtain pulsation cor- 
rection signal dQfdb. Pulsation correction signal dQfdb 
is a signal to emphasize only the error when flowing 
backward as shown in Fig. 7(C). 

[0066] Next, pulsation compensating means 671 per- 
forms the correction operation in step s50. The differ- 
ence between output Qf of the first air flow meter 1 6 and 
pulsation correction signal dQfdb is obtained by the cor- 
rection operation. Fixed coefficient k2 is multiplied by 
pulsation correction signal dQfdb at that time, and air 
flow rate Qref corrected is obtained as difference (Qf- 
k2- dQfdb). As a result, the backflow error can be de- 
creased from the signal including the backflow error. 
[0067] The intake air of each of cylinders can be 
measured accurately by carrying out the operation 
processing of the above steps s10 - s50 at once every 
sampling time. 

[0068] A similar effect can be achieved even if the cor- 
rection is made by paying attention to the backflow 
phase relation of output Qb of airflow meter 1 4, although 
the pulsation correction is made by using the difference 
of two flowmeters in the above-mentioned description. 
In this, the polarity of signal Qfd in which the response 
delay is recovered is reversed for the period of output 
Qb of air flow meter 1 4 being at the backflow phase (For 
instance, during time t1 -t2 of Fig.7(B))(to obtain air flow 
rate Qref corrected by reversing the polarity of pulsation 
signal Qfd-p of Fig.7(A)). For example, the polarity of 
signal Qfd in which the response delay is recovered and 
the polarity of pulsation signal Qfd-p of Fig. 7(A) are re- 
versed for the period of output Qb of air flow meter 14 



being at the backflow phase, for instance, during time 
t1-t2 of Fig.7(B) to obtain air flow rate Qref corrected. 
The influence on the content of the correction of the air 
flow rate can be reduced according to this method even 

5 if the direct current level of air flow meter 14 changes. 
[0069] In pulsation compensating means 671 as ex- 
plained above, the error for the pulsation included in the 
output of the first air flow meter 1 6 can be corrected by 
using the output of the second air flow meter 1 4 to obtain 

10 air flow rate signal Qref corrected for the pulsation. 
[0070] Next, the operation of throttle opening com- 
pensating means 672 in the throttle-integrated air flow 
meter according to this embodiment will be explained 
by using Fig.8. 

*5 [0071] Fig.8 is an illustration of the operation of the 
throttle opening compensating means in the throttle-in- 
tegrated airflow meter according to the first embodiment 
of the present invention. 

[0072] If throttle valve 1 7 and sensor part 161 of the 

20 air flow meter are integrated in configuration as shown 
in Fig.2, Airflow meters 1 6 and 1 4 come to be influenced 
easily by the difference of the throttle opening because 
they are arranged in the neighborhood of throttle valve 
17. Flow velocity is almost constant in the vicinity of 

25 throttle opening fully opened except the vicinity of the 
wall of the throttle body. However, When the throttle 
valve is shut, the air flows only from the space between 
the throttle valve and the throttle body. Therefore, the 
flow velocity in the vicinity of the center of the throttle 

30 body is small, it is large near the flow of air on the both 
sides. Further, the flow velocity becomes small in the 
vicinity of the wall of the throttle body. The error comes 
to cause in the measurement result of the air flow rate 
by the air flow meter when the flow velocity changes ac- 

35 cording to the throttle opening even if the amount of the 
intake air is constant. 

[0073] Then, throttle opening compensating means 
672 shown in Fig. 5 compensates the error by the throttle 
opening by using the correction values of the throttle 

40 current transformation shown in Fig.8. Fig.8 shows the 
relationship between throttle opening GTH and correc- 
tion values kTH of the error due to the throttle valve cur- 
rent transformation. The error due to the current trans- 
formation of the throttle opening shows the tendency to 

45 grow in the middle of the throttle opening compared with 
the full close and the full open of the throttle opening. 
Further, because the error due to the throttle opening 
changes depending on the condition of the engine 
speed, throttle opening compensating means 672 has 

50 a map by which throttle current transformation correc- 
tion value kTH is obtained from throttle opening GTH and 
engine revolution speed N(N1 ,N2,N3) as shown in Fig. 
8. Throttle opening compensating means 672 can ob- 
tain throttle current transformation correction value kTH 

55 according to throttle opening GTH and engine revolution 
speed N by using the map shown in Fig.8. Airflow rate 
correction means 67 can output air flow rate Qref cor- 
rected by multiplying the correction value obtained by 
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throttle opening compensating means 672 by the cor- 
rected air flow rate obtained by pulsation compensating 
means 671 . 

[0074J The correction data shown in Fig. 8 can be ob- 
tained by learning and measuring automatically so that 
the difference of two air flow meters may become con- 
stant under a constant condition, and storing the data. 
It is possible to decrease the current transformation er- 
ror anytime by executing this every time at the engine 
starting etc. 

[0075] Air flow meter 14 in the throttle downstream 
can be assumed to be a detachable structure when the 
current transformation error is corrected only when ad- 
justing the air flowmeter before shipping, the current 
transformation error be memorized as correction data 
with the error when pulsing mentioned above. Thereby, 
the correction becomes enable. The manufacturing cost 
increases if the airflow meters are arranged in the top 
and the bottom of the throttle-valve because the number 
of heat resistors increases. However, the manufacturing 
cost is decreased by installing air flowmeter 1 4 detach- 
able only when adjusting. Further, the accuracy of 
measurement of the air flow rate can be improved by 
correcting the current transformation error. 
[0076] The current transformation error can be de- 
creased by using the throttle opening compensating 
means in this embodiment as explained above. 
[0077] Next, the operation of throttle diagnosis 
processing means 673 in the throttle-integrated air flow 
meter according to this embodiment will be explained 
by using Fig.9 and Fig. 10. 

[0078] Fig.9 is a flow chart showing the operation of 
the throttle diagnosis processing means in the throttle- 
integrated air flow meter according to the first embodi- 
ment of the present invention. Fig.1 0 is awaveformview 
illustrating the operation of the throttle diagnosis 
processing means in the throttle-integrated air flow me- 
ter according to the first embodiment of the present in- 
vention. In Fig. 10(A) - Fig. 10(D), the axis of abscissas 
designates time T. The ordinate of Fig. 1 0(A) designates 
throttle opening instruction Tn, the ordinate of Fig. 1 0(B) 
designates airflow rate Q. the ordinate of Fig. 1 0(C) des- 
ignates deviation signal dQfb, and Fig. 10(D) diagnosis 
signal width signal Tdn. 

[0079] Throttle diagnosis processingmeans 673 judg- 
es the operation condition to the throttle opening instruc- 
tion from the comparison of signals of air flow meters 
14, 16 arranged at the top and bottom of throttle valve 
17 and 1 6 at the switching action, and does the opera- 

™ diagnosis of throttle valve 17 without a throttle open- 

3 sensor etc. 

J80] Throttle diagnosis processing means 673 out- 
. jts throttle opening instruction value Tn in step s20 of 
Fig.9. Throttle opening instruction value Tn switches 
time T which indicates the throttle opening as shown in 
Fig.1 0(A) to plural stages like T1 , T2 The process- 
ing in steps s20 - s30 are executed one by one for the 
instruction value when throttle opening instruction value 



T1 is output first. When the diagnosis processing to 
throttle opening instruction value T1 ends, the following 
throttle opening instruction value T2 is output in step 
s20, and the processing is executed one by one for the 

5 instruction value. When the diagnosis processing to 
throttle opening instruction value T1 ends, the process- 
ing to the following throttle opening instruction value T3 
is executed. The processing is executed one by one for 
two or more throttle opening instruction values Tn in a 

io similar way. 

[0081] In step s21 next, throttle diagnosis processing 
means 673 detects output signal Vin1 and Vin2 of the 
first and the second air flow meters, respectively. 
[0082] Next, in step s22, throttle diagnosis processing 

15 means 673 converts detected output signals Vin1 and 
Vin2 into airflow rate Qf and Qb, respectively. When air 
flow rate Qf changes, for example, into the airflow rate 
as shown in Fig. 1 0(B) for throttle opening instruction T1 , 
the air flow rate in the downstream of the throttle valve 

20 changes like airflow rate Qb of Fig.1 0 (B) when the throt- 
tle valve works normally. On the other hand, the air flow 
rate in the downstream of the throttle valve changes like 
air flow rate Qb' of Fig.1 0(B) if the response delay etc. 
occurs when the throttle valve opens. 

25 [0083] Next, throttle diagnosis processing means 673 
calculates deviation dQfb (=Qf-Qb) of the airflow rate 
within the instruction time T1 in step s23. Deviation dQfb 
changes as shown in Fig. 1 0(C) when the opening of the 
throttle valve is normal. On the other hand, because the 

30 increase in the air flow rate in the downstream of the 
throttle valve is delayed when the opening of the throttle 
valve is abnormal, deviation dQfb changes remarkably 
compared with the above normal case as shown in Fig. 
10(C). 

35 [0084] Next, in step s24, throttle diagnosis processing 
means 673 compares deviation dQfb of the airflow rate 
with a constant diagnosis level sH, and outputs the width 
of the part at the level higher than the diagnosis level 
sH as diagnosis signal width signal Td1 as shown in Fig. 
10(D). Diagnosis signal width signal TdV under abnor- 
mal circumstances is output when the response delay 
occurs in the throttle valve. Similarly, a negative diagno- 
sis level sL is provided, and diagnosis signal width signal 
Td1 is obtained similarly by using this diagnosis level sL. 

45 [0085] Next, in step s25, throttle diagnosis processing 
means 673 judges whether diagnosis signal width signal 
Td1 is larger than throttle opening instruction T1 in step 
s20. The state when diagnosis signal width signal Td1 
is larger than throttle opening instruction T1 shows that 

50 the throttle valve does not open for instance due to the 
breakdown of the motor etc. at all. Throttle diagnosis 
processing means 673 judges as abnormal judgment A 
in step s26 at this time. Abnormal judgment A means a 
breakdown such as motors. 

55 [0086] On the other hand, when diagnosis signal 
width signal Td1 is not larger than throttle opening in- 
struction T1, throttle diagnosis processing means 673 
calculates ratio t1r(=Td1/T1) of diagnosis signal width 
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signal Td1 and throttle opening Instruction T1 In step 
s27. 

[0087] Next, In step s28, throttle diagnosis processing 
means 673 judges whether ratio t1 r is smaller than fixed 
reference level Ts. In the small situation, throttle diag- 
nosis processing means 673 determines that the throttle 
valve works normally because the difference of the air 
streams in the upstream and the downstream of the 
throttle valve is little in step s29. 

[0088] On the other hand, when ratio t1 r is not smaller 
than fixed reference level Ts, throttle diagnosis process- 
ingmeans 673 judges as abnormal judgment B of the 
throttle valve in step s30. Abnormal judgment B means 
that the response gain of the control unit is bad, the throt- 
tle valve does not work with good response. 
[0089] The accuracy of an abnormal judgment can be 
improved by outputting two or more throttle opening in- 
struction values Tn, and understanding the operational 
state under different conditions in step s20 because the 
abnormality of system including the air flow meter may 
occur despite normal appearance. 
[0090] As mentioned above, the operation diagnosis 
of the throttle becomes possible even if the throttle 
opening signal is not used, and the safety of the system 
improves in this embodiment. There is an effect that the 
accuracy of the measurement can be improved even 
when pulsing including the current transformation and 
the backflow of the throttle. This method is also applied 
to the diagnosis of the variable valve. 
[0091] In this embodiment as explained above, the 
corrected air flow rate signal for the pulsation can be 
obtained by installing the air flowmeter in the upstream 
and the downstream of the throttle valve respectively, 
and correcting the error for the pulsation included in the 
output of the first air flow meter by the output of the sec- 
ond air flowmeter in the air flow rate correction means. 
Further, the current transformation error can be de- 
creased. In addition, the operation diagnosis of the throt- 
tle becomes possible even if the throttle opening signal 
is not used, and the safety of the system is improved. 
[0092] Next, the configuration and operation of the air 
flowmeter according to the second embodiment of the 
present invention will be explained by using Fig. 11 -Fig. 
13. 

[0093] First, the whole configuration of internal com- 
bustion engine which installs the air flow meter accord- 
ing to this embodiment will be explained by using Fig. 1 1 . 
[0094] Fig.1 1 is a system configuration view showing 
the whole of internal combustion engine which installs 
the air flow meter according to the second embodiment 
of the present invention . The same sign as Fig.1 des- 
ignates the same part. 

[0095] The engine 1A in this embodiment has more 
than four cylinders, and eight cylinders or two banks of 
four cylinders in the example shown in Figure. It is pos- 
sible to distinguish the signal of each cylinder by install- 
ing the air flow meter in the upstream and the down- 
stream of the throttle valve in this embodiment. 



[0096] The throttle- in teg rated air flow meter 20A in- 
cluding throttle valve 1 7, motor 1 8, and first sensor part 
161 is installed in intake port 19. The first sensor part 
1 61 is arranged in the upstream of throttle valve 1 7. The 
5 throttle-integrated air flow meter 20A is connected to 
control unit 60A. sensor actuator driving means 66, air 
flow rate correction means 67 : and engine control unit 
65 are provided in control unit 60A as shown in Fig. 2. 
[0097] First sensor drive circuit 662 which drives the 
10 first sensor part 1 61 and throttle drive circuit 661 which 
drives and throttle valve 1 7 are provided in sensor ac- 
tuator driving means 66. In addition, second sensor 
parts 141 A and 141 B are installed on the downstream 
side of the throttle valve, and in the downstream of the 
15 branch connection of two parts of four cylinders and the 
upstream side of the branch connection of each of the 
cylinders. Second sensor drive circuit which drives sec- 
ond sensor parts 141 A and 141B respectively is in- 
stalled in sensor actuator driving means 66 of control 
unit 60A. 

[0098] The judgment of the signal of each cylinder be- 
comes possible by at least one air flow meter although 
two airflow meters are provided on the downstream side 
of the throttle valve in the above-mentioned explanation . 
[0099] Next, the operation of control unit in the throt- 
tle-integrated air flow meter according to this embodi- 
ment will be explained by using Fig. 12 and Fig.1 3. 
[0100] Fig. 12 is a flow chart showing the operation of 
control unit in the throttle- integrated air flow meter ac- 
cording to the second embodiment of the present inven- 
tion. Fig. 13 is a waveform diagram showing the opera- 
tion of control unit in the throttle- integrated air flow meter 
according to the second embodiment of the present in- 
vention. 

[0101] In step s40 of Fig.1 2, control unit 60A detects 
output signals Vin1 , Vin2, and Vin3 of first and second 
air flowmeterwhich includes the first sensor part 161 and 
the second sensor parts 141 A : 141 B, respectively. 
[0102] Next, in step s42, control unit 60A converts de- 
tected output signals Vin1 , Vin2, and Vin3 into air flow 
rate Qf, Qb1, and Qb2, respectively. Air flow rate Qf is 
as shown in Fig.1 3(A). Here, certain backflow can not 
be detected in the first air flow meter because the wave- 
form may be synthesized in the upstream of the throttle 
even when the backflow is caused in each cylinder by 
the interference of four cylinders and four cylinders of 
the downstream side. On the other hand, air flow rate 
Qb1 and Qb2 are as shown in Fig. 13(B) and Fig. 13(C), 
respectively. 

[0103] Next, control unit 60A calculates difference 
dQfb1(=Qf-Qb1) between output Qb1 of one bank and 
output Qf of the first air flow meter in step s44. As a re- 
sult, the flow rate which includes the backflowof one cyl- 
inder (Icylind) of the other bank can be detected. 
[0104] In addition, difference (Qb2-dQfb1) of the 
measurement with the air flow meter on the upstream 
side can be obtained by comparing difference dQfbl 
(=Qf-Qb1) with output Qb2 of the other bank, or taking 
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the difference for instance. That is, although the airflow 
rate which flows from one bank to the other bank cannot 
be measured in the air flowmeter of the upstream, it be- 
comes possible to obtain as difference (Qb2-dQ f b1 ) in 
this embodiment. In addition, the accuracy of the discre- 
tion signal to each cylinder can be improved by making 
the error correction by using this difference signal. 
[0105] Especially, the thermal type air flow meter has 
the feature that the mass flow rate can be achieved di- 
rectly even if neither a lot of calculation nor maps, etc. 
are used. Therefore, there is a feature of obtaining the 
air flow rate classified into the cylinders in a multi-func- 
tion engine by carrying out brief calculation. Accordingly, 
the control of a car engine can be optimized, and ex- 
haust gas from the engine can be decreased. 
[0106] The signal of each cylinder in the engine more 
than four cylinders can be distinguished according to 
this embodiment as explained above. 
[0107] Next, the whole configuration of an internal 
combustion engine which installs the air flow meter ac- 
cording to the third embodiment of the present invention 
will be explained by using Fig. 14. 
[0108] Fig.1 4 is a system configuration view showing 
the whole configuration of an internal combustion en- 
gine which has the airflow meter according to the third 
embodiment of the present. The same sign as Fig. 1 des- 
ignates the same pant. 

[0109] Throttle-integrated airflow meter20B compris- 
ing throttle valve 17, motor 18, and second sensor part 
141 is installed in intake port 1 9. The second sensor part 
141 is arranged in the downstream of throttle valve 17. 
Throttle-integrated air flowmeter 20B is connected to 
control unit 60B. sensor actuator driving means 66, air 
flow rate correction means 67, and engine control unit 
65 are installed in control unit 60B as shown in Fig.2. 
First sensor drive circuit 663 which drives second sen- 
sor part 141 and throttle drive circuit 661 which drives 
throttle valve 17 is provided in sensor actuator driving 
means 66. Throttle- integrated flowmeter 20 B is ar- 
ranged just before the branch part of the cylinders of the 
engine. In addition, second sensor part 161 is arranged 
in the upstream of throttle valve 1 7, and immediately af- 
ter the air cleanerwhere the pulsation influence is com- 
paratively small. First sensor drive circuit which drives 
first sensor part 161 is installed in sensor actuator driv- 
ing means 66 of control unit 60B. 
[0110] It becomes possible to utilize the feature of 
each air flow meter more effectively according to the 
configuration like this. It becomes possible to detect suit- 
ably and correct the influence of the change in flow rate 
of each cylinder by arranging the air flow meter just be- 
fore the cylinder. 

[0111] Next, the whole configuration of an internal 
combustion engine which installs the airflow meter ac- 
cording to the fourth embodiment of the present inven- 
tion will be explained by using Fig. 15. 
[0112] Fig. 15 is a system configuration view showing 
the whole configuration of an internal combustion en- 
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gine which has the airflow meter according to the fourth 
embodiment of the present. The same sign as Fig.1 des- 
ignates the same part. 

[0113] In this embodiment, throttle- integrated flowm- 
5 eter 20 has the configuration that sensor drive 66b is 
integrated in the throttle body shown in Fig.2 together 
with as actuators such as motors and sensors. The 
same effect as each of the embodiments mentioned 
above can be achieved even in this case though the po- 
10 sitions of connecting wires are different. Further, be- 
cause the sensor with the minimum function is mounted, 
the individual adjustment of the sensor can be easily 
done. 

[0114] Next, the whole configuration of an internal 
15 combustion engine which installs the air flow meter ac- 
cording to the fifth embodiment of the present invention 
will be explained by using Fig.1 6. 
[0115] Fig. 16 is a system configuration view showing 
the whole configuration of an internal combustion en- 
20 gjne which has the air flow meter according to the fifth 
embodiment of the present. The same sign as Fig.1 des- 
ignates the same part. 

[01 1 6] In this embodiment, engine controller 65 is pro- 
vided outside, only the part that controls the throttle and 

25 converts into the air flow rate based on signals of sen- 
sors is integrated with throttle- integrated flowmeter 20. 
[0117] In the configuration shown in Fig.2, it might be 
influenced by the turbulence of the noise etc. because 
the connection between throttle- integrated flowmeter 20 

so and controller 60 is made in general with the wire har- 
ness etc. On the other hand, Because this embodiment 
takes a strong configuration for the turbulence of the 
noise etc., it becomes possible to read an analog signal 
from the sensor with a high degree of accuracy by the 

35 high-speed sampling. Further, it is possible to transmit 
correctly the value converted into the air flow rate once 
to engine controller 65 by using the digital communica- 
tion means. As mentioned above, it becomes possible 
to decrease the noise etc. and to measure the air flow 

40 rate with a high degree of accuracy according to this em- 
bodiment. 

[0118] Next, the whole configuration of an internal 
combustion engine which installs the airflow meter ac- 
cording to the sixth embodiment of the present invention 

45 will be explained by using Fig.1 7. 

[01 1 9] Fig. 1 7 is a system configuration view showing 
the whole configuration of an internal combustion en- 
gine which has the air flow meter according to the sixth 
embodiment of the present. The same sign as Fig.1 des- 

so ignates the same part. 

[0120] In this embodiment, the components including 
controller 60 are integrated with throttle -integrated flow- 
meter 20. The external wiring (wire harness) between 
sensor and controller 65 needed in the example of 

55 showing to Fig.2 can be omitted by taking the configu- 
ration like this. The communication delay by wire har- 
ness when the digital communication means is used and 
the noise between devices, etc. can be decreased by 
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taking the configuration according to this embodiment. 
Further, it becomes difficult to provide an electromag- 
netic noise to the outside by integrating the whole and 
shielding it, and to receive the influence from the out- 
side. In addition, the manufacturing cost can be de- 
creased by not distributing the controllers, and integrat- 
ing them as a whole. Further, the part maker can support 
easily even when something wrong is caused because 
the component-reduced configuration includes the main 
components of the air intake system, and the quality 
management can be done easily. 

[0121] The error due to the backflow can be de- 
creased according to the present invention. 
[0122] Further, the measurement error to the change 
of the opening of the throttle valve can be decreased 
according to the present invention. 
[0123] In addition, the operational state of the throttle 
device can be diagnosed according to the present in- 
vention. 

[01 24] Further, the airflow rate of each of the cylinders 
can be detected according to the present invention. 



Claims 

1 . An air flow meter comprising: 

a throttle valve (17) installed inside an intake 
passage (19) of an internal combustion engine 
(1 ) and used for opening and closing an intake 
passage (19); 

a first air flow rate detecting means installed in 
an intake passage located in the upstream of 
said throttle valve; 

a second air flow rate detecting means (14) in- 
stalled in an intake passage (19) located at the 
downstream of said throttle valve; and 
a pulsation compensating means for compen- 
sating a pulsation in an air flow rate signal of 
said first air flow rate detecting means (16) 
based on output signals from said first and sec- 
ond air flow rate detecting means correspond- 
ing individual cylinders of said internal combus- 
tion engine (1). 

2. An air flow meter of Claim 1 , wherein 

said pulsation compensating means deter- 
mines a response compensatory signal Qf d by com- 
pensating a response delay of air flow rate signal 
Qf detected by said first air flow rate detecting 
means (16); 

determines a deviation signal dQfdb by sub- 
tracting an air flow rate signal Qd detected by said 
second airflow rate detecting means (14) from said 
response compensatory signal Qfd; and 

determines an air flow rate signal Qref com- 
pensated for pulsation effect by subtracting said de- 
viation signal dQfdb from an air flow rate signal Qf 



detected by said first air flow rate detecting means 

(16) . 

3. An air flow meter of Claim 1 , further comprising 
5 a throttle valve opening compensating means 

for compensating a deviated flow changing due to 
throttle valve opening, wherein 

a deviated flow changing due to throttle open- 
ing in an air flow rate signal compensated by said 
10 pulsation compensating means is corrected based 
on a compensation value for deviated flow due to 
throttle opening obtained by said throttle opening 
compensating means. 

15 4. An air flow meter of Claim 1 , wherein 

at least one or more of said first and second 
air flow rate detecting means (14, 16) for a throttle 
valve (1 7) are integrated with a body of said throttle 
valve (17). 

20 

5. An air flow meter of Claim 1 , wherein 

said first and second air flow rate detecting 
means (14, 16) for a throttle valve (17) are air flow 
rate detecting means using a heating resistance, 
25 and 

at least one or more are sensors enable to de- 
tect a counter flow. 

6. An air flow meter of Claim 1 , wherein 

30 either of said plural first and second air flow 

rate detecting means (14 s 16) for a throttle valve 

(1 7) is detachable to said throttle body, which is in- 
stalled at manufacturing process and used for ad- 
justing a characteristic. 

35 

7. An air flow meter comprising: 

a throttle valve (17) installed inside an intake 
passage (1 9) of an internal combustion engine 
^o (1) and used for opening and closing an intake 

passage (1 9); 

a first air flow rate detecting means (16) in- 
stalled in an intake passage (19) located in the 
upstream of said throttle valve; 

45 a second air flow rate detecting means (1 4) in- 

stalled in an intake passage (19) located at the 
downstream of said throttle valve; and 
a throttle diagnostic processing means for mak- 
ing a diagnosis of an operation of said throttle 

50 ' valve (17) with respect to an throttle opening 

reference, and an output signal from signals 
from said first and second airflow rate detecting 
means (1 4, 1 6) based on individual cylinders of 
said internal combustion engine (1) and said 

55 throttle opening reference. 

8. An air flow meter of Claim 7, wherein 

said throttle diagnostic processing means de- 
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tects an abnormal throttle state If a time duration 
while a deviation signal dQfdb between an air flow 
rate signal Qf detected by said first airflow rate de- 
tecting means (16) and an air flow rate signal Qd 
detected by said second air flow rate detecting $ 
means (14) continues to deviate outside levels sH 
and sL is judged to be larger than a designated val- 
ue. 

9. An air flow meter of Claim 7, wherein 

at least one or more of said first and second 
air flow rate detecting means (14, 1 6) for a throttle 
valve (1 7) are integrated with a body of said throttle 
valve (17). 

10. An airflow meter comprising: 

a throttle valve (17) installed inside an intake 
passage (19) of an internal combustion engine 
(1 ) and used for opening and closing an intake 20 
passage (19); 

a first air flow rate detecting means (16) in- 
stalled in an intake passage (14) located in the 
upstream of said throttle valve; 
a second air flow rate detecting means (14) in- 25 
stalled in an intake passage (1 9) located at the 
downstream of said throttle valve; and 
a calculating means for estimating an air flow 
rate corresponding to a single cylinder based 
on a difference between output signals from 30 
said first and second air flow rate detecting 
means (14, 16). 
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FIG. 6 
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FIG. 7 
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FIG. 9 
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Air flow meter with reduced error due to backf low 



(57) The invention relates to an air flow meter which 
can decrease the error due to the backflow. Throttle 
valve (17) which opens and shuts the air intake passage 
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downstream of throttle valve (17). Pulsation compensat- 
ing means (671 ) corrects the pulsation of the airflowrate 
signal detected by the first sensor part (161) by using 
the output signals of the first and the second sensor 
parts (161, 141) based on each cylinder of the internal 
combustion engine (1). 
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